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PART  I.   INTERMEDIATE  HOSTS  OP 
CniCKEH  TAPEWORMS  POUND  18  KANSAS 


IBTRODUCTIOB 

The  recent  findings  of  Acker t  and  Case  (1956)  on 
effects  of  tapeworms  on  chickens  have  re-emphasised  the 
importance  of  those  parasites.  These  authors  found  that 
oestode  infections  of  three  weeks  duration  affected  the 
blood  of  the  chickens  and  that  infections  of  eight  weeks 
duration  lowered  the  hemoglobin  and  sugar  content  of  the 
blood  and  retarded  the  growth  of  the  chickens*  While  fowl 
taeniae i 8  can  be  checked  momentarily  by  administering 
taeniacldes,  no  effective  control  of  these  parasites  can  be 
established  without  breaking  the  life  cyole  at  some  stage. 
In  order  to  do  this*  knowledge  must  be  gained  of  the 
available  intermediate  hosts.  To  determine  these,  life 
history  studies  of  various  species  of  fowl  cestodes  have 
been  conducted  recently  in  several  laboratories;  notably 
at  the  United  States  Zoological  Division,  Washington,  at 
the  Veterinary  Academy,  Hannover,  Germany,  and  at  the 
Kansas  State  College  of  Agriculture  and  Applied  Science, 
Manhattan. 

Whereaa,  a  decade  ago,  garden  slugs,  earthworms,  and 
flies  were  thought  to  be  the  principal  intermediate  hosts 


of  chicken  tapeworms,  the  recent  f  inclines  have  shown  that 
ground  beetles  (Carablclae)  ere  doubtless  the  principal 
■©one  of  transmitting  the  sore  common  chicken  tapeworms. 
It  was  to  sake  known  acre  generally  the  newer  knowledge  of 
intermediate  hosts  of  fowl  tapeworms  found  in  Kansas  that 
this  study  was  undertaken* 

MORTB  AMERICA!!  CKICKEK  TAPEWORMS 

Of  ten  species  of  tapeworms  found  in  the  Halted 
States  (Cram, 1928),  the  following  six  species  have  been 
reported  from  Kansas t 

Raillietina  cestlclllus  (Kolin,  1868) 
Choonotaenla  lnfuncllbulum  (Bloch,  1779} 
Rsllllatlna  tetragons  (Molin,  1868) 
Hnpsnolepls  carloca  (Magalhass,  1698) 
Raillietina  echinobothrlds,  (Megnin,  1880) 
Amoebotaenia  sohsnoldes  (Railllet,  1892) 
The  other  four  species  reported  from  this  country  are: 
pavsineq  pro^ottina  (Devalue),  Piorchis  saorlcena  Ransom, 
lljsnuuleals  **^*i*«*tenf|  (Pol.),  and  Ketrollasttoos  lucida 
(Ransom)* 


Fowl  Cestodes  and  Their  Intermediate  Hosts 
Raillietina  cesticillus.  The  fowl  cestode  that 


probably  la  or  the  moat  common  occurrence  in  Kansaa  le  the 
rather  large  apeciea.  Ballllatlna  cesticlllua  whose  habitat 
la  the  duodenum*  Perry  (1934)  reported  It  from  62  percent 
of  the  chickena  he  examined*  Eowever.  Adams  and  Geiser 
(1955)  found  It  In  only  12  percent  of  the  chickena  they 
examined  In  Texaa.  Although  houaefliea  can  probably  act 
aa  Intermediate  hoata  (Ackert.  1918;  Held  and  Ackert,  1937) 
the  moat  important  Intermediate  hoata  ore  varloua  apeciea 
of  booties  (Coleoptera),  eapeclally  the  family  Carabldae 
(ground  beetles)*  Besides  several  genera  of  the  familiea 
Scarabaeldae*  Tenebrionldae,  and  Ostomldae.  there  are 
eight  genera  and  25  apeciea  of  Carabldee  which  may  bwv9 
quite  readily  aa  intermediate  hoata*  The  beetles  most 
frequently  found  at  Manhattan  (Riley  County,  r ansae)  are  of 
these  apeciea*  In  half  an  hour  in  midsummer  (July)  it  has 
been  possible  to  collect  175  Carabldee  on  the  campus  of 
Kansas  State  College*  Ihe  moat  nuaeroua  of  these  Carabldee 
are  apeciea  of  the  genera  Amara  and  Crataeanthua*  After 
a  morning  rain*  beetles  of  these  genera  may  be  aeen  by  the 
hundreda.  Speclea  of  Crataeanthua  and  Amara  have  been 
found  to  be  the  best  intermediate  hosts  for  the  cestode  JR. 
ce8tlclllus  as  determined  by  experimentation*  Ihe  —mm 
with  which  mature  cyatlcercolde  can  be  developed  in  beetles 
has  led  to  the  use  of  JR*  cestlclllus  for  experimental 


studies  of  Acker t  find  Case,  ;n©ntioned  a'oovo,  of  Acker t  and 
Raid  (1037)  who  demonstrated  an  age  resistance  of  older 
chickens  to  the  growth  of  these  cost odea,  end  of  Harwood 
and  Luttersoeer  (1938)  who  found  that  infections  of  this 
cestode  retarded  the  growth  of  chickens. 

Intermediate  Hosts  of  R»   cegticillus*  COLBQFfBSA: 
Family  C  anther  idee:  Podabarus  modes tus  Say;  Fmaily 
Carabidaei  Aaara  ep»,  Aaara  baelllarla  (Say),  Aaara  fallax 
z*o*»  ASSEa  (frytonotua)  ^atlcol^is  Lee,  Amare  (Cejlla) 
rauaoula  say,  Aaara  (Percoaia)  obeea  Say*  Anaferonla 
(Pterostichus)  ep*,  Anaferonla  cons trie ta  Say,  Anaferonla 
b***  anibctrlata  (Lac),  Anlootarsua  ep,  Anlsotaraus  agilla 
(DeJ.),  Anlsotarsua  subvlrene  Csy«,  Chalenlua  toaantoaue 
S»7#  Cratacanthua  dublus  Beauv.,  Harealua  ap„  Harpalua 
££2222.  -«y*  B*mP¥   horblvairna  Say,  amraalue  pennsylvanlcua 
DoO0dr*  ?toroatichua  (ocellus)  chalcltea  Say, 
Ptaroatlcb^  near  coaetrlcta,  Pteroat^chuf  ( Abocld^s ) 
noi  snwftaii  Say,  Ptcrootlchua  near  permundus*  Ptorootlchua 
(ISttaolope)  torvuo  Lee.,  Selenophorus  ( podlcularlua  oO.), 
Iriolectrua  rustlcus  Say.  (Jonea,  1029). 

Family  Oetoraidaa:  Tanebroides  taauritanicus  (L.) 
(Case  and  Ackort,  1938) f  Family  Soarabaeidaas  Choarldlua 
hlsteroldaa  (fleb.),  Aphodiua  fffanarfl,uf  (L.)j  Paaily 
^snebrionldaei  Tenebrlo  ep.,  'Zribollua  confuaua  Duval., 
Tribolium  so. 


Hnsenolepla  carloca*  Second  In  the  list  of 
from  Kansas  chicken*  appears  to  be  Hymenolcpls  earl oca,  a 
delicate*  thread-like  cestode  which  may  be  present  in 
large  numbers  (500  or  more)  in  a  single  bird,  according  to 
ferry  (1934)*  Teiehaua  ( unpublished)  likewise  found  large 
infections  of  this  cestode  in  ailing  chickens  in  Kansas 
that  were  sent  to  the  Kansas  State  College  Poultry  Diseases 
laboratory  in  April*  1930*  Adams  and  Oeiser  (1955)  found 
this  species  to  be  the  most  abundant  in  Texas  (57  percent). 
As  to  transmission,  Cram  and  Jones  (1929)  found  that 
various  apeeies  of  Coleoptora  may  act  aa  intermediate  hosts 
of  n.  carloca*  Subsequent  studies  by  Jones  indicated  that 
the  beetles  that  could  transmit  these  tapeworms  belong  to 
the  Scarabaeidae  and  possibly  to  the  Carabidae. 

Intermediate  Hosts  of  H.  carloca.  COlSOPffcRAs  Family 
Carabldaet  Anlaotarsu*  skills  (lej.)j  Family  Scarabaeidae t 
;.p:-s 3.:.:uo  — JM  (..),  ci^ori-i-.-j:-.  jyjMflPJJM  Cob.}; 
Family  Hlsterldaet  Carcinops  quatuor-doeiina trlata  Staph* 

Ralllletina  tetragon**  fhe  third  ranking  tapeworm  in 
prevalence  In  the  vicinity  of  Manhattan  appeara  to  be 
Ralllletina  tetragon*.  It  was  third  (58  percent)  In 
Ferry**  etudie*  In  eastern  Sanaa*  and  second  In  Tex** 
(Adam*  and  Oeiser),  This  large  tapeworm  attaches  Itself  to 
the  lower  portion  of  the  small  intestine  and  may  produce 
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nodules  of  the  intestine  which  closely  resemble  lesion*  of 

tuberculosis.  Eorsfall  (1938)  reported  that  the  cannon 
pavement  ents  Totramorium  caeepitum  (L.)  and  Fholdole 
vinolandica  Forel.  could  serve  ss  Intermediate  hosts  of  R. 
tetragons.  Repeated  attempts  to  infect  various  species  of 
beetles  with  feedings  of  gravid  R.  tetragons  proglottids 
have  been  unsuccessful,  so  it  is  probable  that  beetles  are 
not  natural  intermediate  hosts  of  this  tapeworm.  Studies 
upon  ants  as  means  of  transmitting  chicken  tapeworms  from 
one  host  to  another  are  in  progress  at  the  Kansas 
Agricultural  Experiment  Station. 

Intermediate  Hosts  of  R.  tetrsgona.  TEOBSBOfTSBAt 
Family  formicldses  Tetrsmorium  caospltum  (L.)  and  Pheidole 
vlnelandlca  Porel   (Jones  and  Eorsfall,  1934). 

ffirenPtfonla  infundlbulun.  A  fowl  cestode  that  is  of 
very  common  occurrence  If  the  vicinity  of  Manhattan,  Kansas, 
ls  Choanotaenia  lnfundlbulum.  Both  Perry  (1954)  and  **«■* 
and  Gelser  (1933),  however,  found  this  species  to  be  the 
least  abundant  of  the  tapeworms  they  studied.  Its  habitat 
is  the  duodenum* 

As  to  intermediate  hosts,  Ouberlet  (1916)  found  that 
houseflies  (Busca  domes  tics  L.)  are  a  means  of  transmitting 
fittflnttMNnt  si  |  1  BJMM  ftWa  orio  clilelcon  to  aiothor. 
Cram  (1928),  Cram  and  Jones  (1929)  and  ftetsel  (1936) 


obtained  evidence  that  pointed  to  beetles  as  being 
important  intermediate  hosts  of  this  tapeworm.  Horafall 
and  Jones  (19S7)  added  six  epeelea  of  beetles  and  two 
grasshoppers  a*  new  intermediate  hosts  of  £•  Infundlbulua* 
the  writer  has  found  recently  that  three  additional 
species  of  beetles  may  serve  as  intermediate  hosts  of  this 
tapeworm*  !Ihey  are*  Amara  f alias  Lee*,  Anaferonla 
constricts  Say,  and  Tenebroldea  meurltanlcua  (L*)* 

Further  evidence  that  horseflies  nay  serve  as  inter* 
mediate  hosts  of  C*  lnfundlbuluai  was  presented  by  ttetsel 

(1936)  who  reported  that  only  20  percent  of  the  housefliea 
in  his  experiments  developed  cysticercolds  and  that  the 
number  of  cysticercolds  was  small.  Held  and  Aokert  (1937) 
found  a  natural  infection  of  91  cysticercolds  In  a  housefly 
at  Hanhettan,  Kansas*  Even  if  only  20  percent  of  the 
housefliea  developed  cysticorooida,  the  quantities  of  files 
around  poultry  yards  at  certain  times  of  the  year  could 
easily  supply  the  cysticercolds  necessary  to  produce  the 
heavy  tapeworm  Infections  (75  percent)  In  the  naturally 
infected  chickens  in  an  experiment  by  Reid  and  Ackert 

(1937)  at  Manhattan*  Kansas* 

Intermediate  Hosts  of  C.  Infundlbulua*  COLEOPTKRAt 
family  Carabidaei  Aaara  fallax^  Lee.,  Anaferonla  constricts 
Say,  Cratacanthus  dublua  Beauv*,  Stenocellus  deblllnes 
(Say),  Stenolophus  conjunct Is  (Say);  Pamily  Ostomidaet 
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Tooebroldea  riaurltanlcua  (L. );  Family  Scarab&eidae: 
Aatoodlua  granarlua  (L«),  Anhodlus  sp.,  Qeotrtoes  aylvatlcua 
Pant. I  Paadly  Staphylinldae *  Apocellua  sphaericollls  (Say); 
Family  Tenebrionldae *  fV^tflflll"*  blfaaci&tua  (Say)* 

DIPTSRAt  Family  Muscidaei  Maaea  domestics  (I.). 

OBTEOPTBRAi  Family  Locus tldne  Ucrididao) : 
Dlcromorpha  virldla  (Scudder) j  Halanoplua  fonur-rubram 
(DsOeor). 

Balllletlna  echinobotbrlda.  Among  the  leae  abundant 
tapeworms  In  Kansas  la  the  largeat  species  Ralllletlna 
•chlnabtttnrlda.  this  vara  resembles  R.  Tetragon*  cloaely 
and  la  distinguished  from  it  with  difficulty.  jR. 
echinobothrlda  alao  at t echo e  itself  In  th«  posterior  part 
of  the  email  Intestine,  and  has  about  the  eeme  effeete  upon 
the  boat  aa  R.  tetragons.  Ferry  (1954)  found  thla  cestode 
In  4  percent  of  the  chickens  examined  in  Douglas  County* 
Kanaas,  and  Adama  and  Oelaer  found  it  In  12  percent  of  the 
fowls  examined  in  Texas.  According  to  Tlorefall  (1936), 
the  common  pavement  ant,  Tetraaorlum  oaesoltua  may  serve  as 
an  intermediate  host  of  &.  echlnobothrlda.  An  Interesting 
observation  ems  made  by  Horafall  (1936)  who  stated,  »fbe 
first  clue  to  the  intermediate  hosts  of  R.   ochlixabothrlda 
ftnd  £•  totrawwia  was  discovered  while  the  writer  had  under 
observation  in  the  experimental  yard  several  fecal  samples 


containing  R«  ochlnobothrlda  proglottids.  An  ant  carried 
one  of  these  aogmenta  from  the  feces  to  an  entrance  to  a 
neat  and  disappeared  with  it*  Anta  were  then  examined 
from  this  yard  and  all  sere  found  to  be  negative  until 
August  1G,  1055,  at  which  time  3  T.  caaapltun  were  dissected 
sad  found  to  contain  4  eysticercolda  the  scolocos  of  which 
resembled  those  of  R#  echinobothr Ida. "  Larvae  of  TU 
echinobothrida  in  the  naturally  infected  ant  Tetramorlma 
somllaevo  from  Haraoillos,  Prance,  were  reported  by  Joyeux 
end  Baer  (1937). 

Intermediate  Hosts  of  R.  echinobothrida.  iriMRHOPTKRAi 
Family  Pormicidae:  Tetf  malum  eaespltum  (U)  T. 
semllaovo.  and  Pheldole  vinelendiea  Forel. 

Amoebotaenia  ar>henoides»  A  tapeworm  present  in  4 
percent  of  the  chickens  examined  by  Perry  (1934)  was  the 
small  wedge-shaped  Amoebotaenia  sphenoid—*  This  coatode, 
which  apparently  la  of  rare  occurrence  in  the  United  States 
reported  from  0  percent  of  the  chickens  examined  by 
and  Gelser  (1933)  in  Dallas  County,  faxes*  The 
intermediate  hosts  are  annelids,  according  to  Kdnnlg  (1927) 
i  in  14  days,  grew  the  cysticercoids  in  earthworms 

(IlTQEonla)  afrlcanus  Beddard  .  Four  weeks 
required  for  the  cysticercoids  to  develop  into  adult 
in  chickens*  Orassi  and  Rovelli  (1089)  and 


Hegglt  (1916)  undoubtly  eocurod  cyatieercoids  of  this 
wapswom  by  feeding  the  oncospheres  to  earthworua 
f H7T  n1 1 iTjUmiUHT y  foatlda  Sis*} 

Intermediate  Hosts  of  A*  aphenoldea*  QUOOCHaSTAi 
Family  laofcricidaej  molpbophora  fostlds  (Eison),  and 
OefflWlfr***  (Ilyoflenla)  afr^cjnqa  Beddard* 

Davalnea  pro^lottlna  (not  reported  from  Kansas)*  A 
smell  tapeworm  (four  to  nine  ssgmsnts)  that  Is  found  in 
inany  countries,  but  has  not  bean  reported  from  Kansas  la 

_^ -  ..'■■-  I  -Vq'-.-l.    Bmamm  or  ita  .  Inm  c_^o  :t  My 

have  been  overlooked*  Various  writers  have  described  it 
and  Levins  (1036)  has  studied  phases  of  its  biology. 
ftetsel  (1956)  reported  that  the  moat  important  intermediate 
host  of  £»  pTOfilottina  in  Germany  Is  the  garden  slug 
Afirtoliaas  a/rest  is.  XBonlg  (1956)  lists  as  intermediate 
hosts  of  D.  aroglottina  the  alugs  t   Uaa^  cinerua*  Arlon  sp., 
£2B3&  ep.,  and  the  enail  ?hyaa,  hefrostropha  (Say).  Of 
these  genera*  AgrloHnaf  and  Pharaa  are  found  in  Kansas;  so 
that  it  Is  possible  that  £•  prorJlotUna  for  which  these 
gastropods  may  eerve  as  intermediate  hosts,  is  also  present 
in  Kansas,  especially  in  the  eastern  part  of  the  state 
where  the  rainfall  is  heavier* 

Intermediate  Hosts  of  _.  "roglottlna.  rULHOEATat 
Family  Arionidae*  Arlon  an*;  Family  Limacldee:  Ifflfl*^ 
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«?•>  Capoa  sp«,  Llzaaz  clnerua:  Family  Phyaicae:  PhTta 

ay). 

SUaSAHY  0?  PART  I 

it  Of  ton  spooiea  of  fowl  t&peworzaa  reported  fro© 
the  Hal  tod  States,  tho  foil  owing  six  spec lea  liave  boon 
found  In  chickens  in  Kansas:  Rail  I  latino  ooatlcillua 
(Kolin,  1353),  Choanotaonla  Infteadlbulum  (Bloch,  1779), 
K^fqiietino  totragooo  (Hoi in*  1358),  HmoooIojIs  oarioca 
(Mogalhooa,  1398 ),   Raillletino  aoHilnnoolhrlda  (uogain* 
1880) #  and  Anoebotaenia  sohonoldoo  (Rallliet,  1392). 

2*  The  throe  following  8pociea  of  booties  are  bore 
reported  for  the  first  tiae  ao  intermediate  hosts  of  the 
chicken  coatodo  Choonotaenla  lrJ^ltulurat  Aaa^  MZ& 
lAQ*»   Aa»rtf<>P*«  constricts  Say,  and  Tenobroidoo 
—rltanlcua  (L.). 

Zm     Tho  known  species  of  intermediate  hosts  of  tho 
tapewormo  found  in  Kansas  chickens  consists  of  beetles, 
flioo,  ants,  slugs,  snails,  and  earthworms.  Thoy  are  given 
according  to  order,  family,  and  genua  for  tlie  respective 
tapoworms. 

«•  loot  numerous  of  theao  intermediate  hosts  are 
ground  boetlea  (Carabidao)  of  which  eight  genera  and  25 
apeciea  have  been  identified  aa  intermediate  hosts  of 
chicken  cost odea. 


12 
Altogether*  10  genera  end  29  species  of  beetles  may 

act  as  intermediate  hosts  for  one  or  more  of  the  important 

ohieken  tapeworms  found  In  Kansas. 
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PART  II.   EFFECTS  OF  THE  POKL  IfePSftORX 

fifSTIClLLDS  (HOLM)  OPOB  (JfiOWISQ 


ISTRODOCTI08I 

Baperimental  evidence  of  effects  of  tapeworms  upon 
their  hosts  i«  almost  lacking*  This  doubtless  baa  bean  due 
largely  to  inability  to  secure  at  one  time  large  numbers  of 
infective  tapeworm  larvae  and  their  definitive  hosts. 
Circumstantial  evidence  has  pointed  to  certain  effects  of 
cestodes  upon  roan,  but  suoh  effects  have  been  attributed 
to  worry  from  the  knowledge  of  having  a  tapeworm  rather 
than  to  the  tapeworm  itself*  Khile  sane  knowledge  of  the 
subjeot  can  be  gained  by  comparing  the  symptoms  of  an 
infected  animal  with  its  behavior  after  anthelmintic 
treatment,  more  reliable  evidence  would  be  obtainable  from 
numbers  of  animals  of  approximately  the  same  age  and 
inheritance,  one  half  of  which  were  parasitised  and  the 
other  half  used  as  controls* 

The  literature  pertinent  to  the  intermediate  hosts  of 
fowl  tapeworms  found  in  Kansas,  which  lias  been  reviewed  in 
Part  I  of  thia  study,  showed  that  of  various  Invertebrates 
{ants,  flies,  beetles,  slugs,  and  snalla)  ground  beetles 
(Carcbidae)  are  the  moat  Important  intermediate  hosts  of 
ths  fowl  tapeworm  flaillletina  coatlcillus  (fiolln).  Fro* 


1C 


the  work  of  Cram  (1928),  Cram  and  Jonas  (1929),  Setsel 
(1956),  and  Hold,  Aekert  and  Caso  (19S0)  upon  bootlaa  a* 
intermediate  hosts  and  the  ease  with  which  they  stay  he 
infected*  experiments  ware  begun  to  study  the  effects  of 
the  fowl  cestode  H.  ccaticlllus  on  growing  chickens* 


The  experiments  were  conducted  in  the  animal  house,  a 
tightly  screened,  frame  structure  with  concrete  floors* 
To  this  house  the  fowls  were  brought  as  day-old  chicks 
from  s  ccssssrciel  hatchery,  and  given  on  adequate  diet. 
The  ground  booties  (Csrebldas)  were  collected  at  sans 
distance  frost  any  poultry  yard  to  avoid  previous  infection 
with  tapeworm  sgge.  As  the  beetles  were  known  to  be 
cannabcllstic,  each  was  placed  in  a  soparate  container. 
After  a  few  hours,  the  beetles  roadily  take  the  proglottid*  • 

In  the  experiments,  each  beetle  was  fed  a  act lie 
gravid  proglottid  of  the  tapeworm  R.  costlclllus  collected 
from  the  feces  of  Infected  chlokens*  After  returning  the 
beetle  to  the  Jar  about  three  Inches  of  moist  earth  was 
added,  the  lid  placed  on  loosely,  and  the  Jar  set  In  a 
dark  place. 

The  beetles  were  then  fed  on  various  animal  tissues, 
such  as  meat  scrap  and  live  beetles.  The  most  satisfactory 
metliod  was  to  place  in  the  Jar  at  weekly  intervals,  a  half 
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experimentally  reared  meal  beetles  (Tone brio  ap*) 

Water  was  supplied  dally  and  the  Jars  citiielwa  for  dead 
beetles,  food,  and  moisture  content*  Under  such  conditions 
the  beetles  lived  20  to  60  days* 

In  the  bodies  of  the  beetles  the  tapeworm  oggs 
developed  into  cyst leer coids  in  from  15  to  20  days.  Their 
removal  presented  problems t  (1)  the  taxonomio  structures 
of  the  beetles  had  to  be  left  intact,  and  (2}  the 
cystioercoid*  had  to  be  removed  alive  and  Infective. 
Gassing  the  beetles  also  killed  the  cyatlccrcol&a. 
Continued  isnsersion  in  tap  ester  caused  eveglnation  of  the 
cysticorcoids  which  rendered  them  non-infective. 

One  of  the  best  methods  of  removing  the  cysticercoids 
ess  to  anesthetise  the  beetle  with  ether,  pin  it  dorso* 
ventrslly  in  a  blackened  dissecting  dish,  and  float  the 
cysticercoids  from  the  body  cavity  of  the  beetle  through 
an  opening  in  the  dorsum.  To  prevent  evaginatlon  of  the 
cysticercoids,  a  0*1  per  cent  NaCl  solution  wes  used. 
Measurements  of  three  systercolds  selected  at  random  from 
each  beetle  were  quickly  made  as  an  identif ication  check* 

She  cysticercoids  to  be  fed  to  the.  chickens  were 
transferred  from  the  salt  solution  to  filter  paper  or  wore 
given  by  means  of  a  snail  pipette  to  whose  bvlb  was 
attached  s  Hoffman  ecrew  compressor,  ffith  a  slight  turn 
of  tho  screw,  the  cysticercoids  were  drawn  into  the  pipette 


IB 
end  held  there  until  fed. 

A*  to  aethods  of  blood  examination,  the  hemoglobin 

tests  were  made  with  the  New  Dare  beraoslobinonoter.  She 

blood  sugar  teete  were  made  According  to  the  aethod  of 

Folin  end  wu* 

mamsaatAL  Das* 

In  the  first  experiment,  21  chicken*  three  week*  old 
were  divided  into  two  groups  of  17  and  four  birds, 
respectively •  £aeh  of  the  17  chick*  we*  given  10 

•  r 

cysticercoids  of  R*  gestlelllu*  per  week  for  three  weeks* 
Tho  other  four  chicken*  which  received  no  cysticercoids 
were  kept  as  controls*  Weights  of  all  bird*  were  taken 
each  week  during  the  period  the  cystorcoida  were 
administered*  After  the  <last  feeding  of  cwatercoids*  the 
chicken*  were  fcspt  '^der  observation  toe  six  weeks*  During 
the  eeventh*  eighth,  and  ninth  week*  following  the  final 
feeding  of  cysticercolda  hemoglobin  and  blood  sugar  tests 
war*  mad*  (Table  1)*  Prom  the  tine  the  chicks  ware  first 
parasitised  until  the  blood  sugar  determinations  were  made 
the  controls  and  the  parasitised  birds  were  kept  in  the 
asms  pens  and  had  the  sane  food* 

At  the  b*clpalng  of  ^  experiment*  the  parasitised 
and  control  chickens  wars  matched  a*  nearly  as  possible* 
For  example*  parasitised  ohiohen  A  600  may  be  compared  with 
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control  chicken  A  7C%  Both  weighed  316  go.  at  the  start 
o;  the  experiment.  In  the  blood  teste*  the  foraar  had  a 
hemoglobin  percentage  of  52  as  compared  vlth  62  for  the 
control.  She  blood  of  the  parasitised  bird  contained 
160.6  mg.  of  sugar  per  100  co.  of  blood  as  coopered  with 
101.6  ag.  for  the  control  chicken.  Ae  to  growth,  the 
parasitised  chicken  gained  156  ga.  while  the  control  added 
284  go*  Chilling  was  observed  In  the  parasitised  chicken 
but  not  in  the  control  (Tabic  1}. 

The  beamiest  control  chicken  {A  667)  weighing  132  go* 
as  coopered  with  the  parasitised  bird  (A  659)  which  weighed 
125  go.  showed  lees  marked  differences.  There  was  scarcely 
any  difference  in  the  hemoglobin  percentage  of  the  blood. 
She  parasitised  chicken  (A  659)  had  1GG.0  ag.  of  sugar  as 
coopered  with  212  ag,  in  the  control  (A  6«7).  In  weight 
the  parasitised  bird  gained  139  go.  and  the  control  164  ga* 
Again  the  parasitised  bird  manifested  chilling  while  the 
control  failed  to  do  so.  Ae  a  group*  the  parasitized 
chickens  averaged  110.5  go.  while  the  controls  averaged 
120.5  ga.  at  the  beginning  of  the  experiment.  She 
hemoglobin  percentage  on  the  average  wae  practically  the 
sea*  for  both  groups.  Shat  there  was  a  difference  in  the 
•agar  volume  is  indicated  by  an  average  of  172.7  sg.  as 
compared  with  an  average  of  106.7  ag.  for  the  control  group. 
In  weights  also  there  was  a  marked  difference. 
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parasitised  biiC*  made  an  average  Gain  or  151.7  $a«  ae 

with  a  182  gn.  average  for  the  control  group*  All 

of  the  parasitised  chickens  manifested  chilling  on  cool  or 

rainy  days*  whereas  no  such  behavior  wee  observed  In  the 

eentrols  which  usually  remained  at  the  feed  hoppers.  Prom 

these  results*  it  appears  that  Infections  with  the  tapeworm 

villus  cause  reduction  in  the  blood  sugar  sod  In 

the  growth  of  chickens  and  Interfere  with  normal  behavior 

of  the  fowls  (liable  1). 

In  the  second  experiment,  13  chicles  9  days  old  were 
divided  Into  groups  of  10  and  three,  respectively.  Sank 
of  the  10  chicks  was  given  10  cysticorcoide  M  _. 
eestlolllus  per  week  for  eight  weeks*  The  other  three 
chickens  which  were  kept  as  controls  received  no 
cysticorcoide.  heights  of  all  birds  were  taken  each  week 
during  the  period  the  cysticorcoide  were  administered. 
After  the  last  feeding  the  chickens  were  kept  under 
observation  for  six  weeks.  During  the  seventh  and  eighth 
weeks  following  the  final  feeding  of  cysticorcoide  the 
hemoglobin  and  blood  sugar  tests  were  made  as  in  Experiment 
I.  Proa  the  tine  the  chicks  were  first  parasitised  until 
the  blood  sugar  determinations  were  made  the  controls  and 
the  parasitized  birds  were  kept  in  the  sane  pens  and  N*ft 
the  same  feed. 

At  the  beginning  of  experiment  II.  the  young  rhlefcene 


were  notched  aa  nearly  as  poeeiblo  according  to  weight. 
Comparing  Individuals  of  the  two  groups,  it  say  be  aeon 
that  the  parasitised  chick  (A  590)  which  at  the  beginning 
of  the  experiment  weighed  51  ga*  and  its  control  (A  000), 
65  go*  differ  bit  llttlo  in  the  hemoglobin  percentage.! 
57  for  the  parasitised  chick  and  56  percent  for  the  control* 
A  narked  difference  occurred  in  the  sugarj  parasitised 
chicken  (A  500}  had  130. G  tag*  as  coopered  with  ICC. 2  ng« 
of  sugar  for  the  control.  In  growth,  there  was  also  a 
difference  +     Tho  parasitised  bird  gained  900  go*  as  compered 
with  1197  for  the  control.  3he  chilling  noted  in  :xperia*ent 
I  recurred  also  in  Experiment  II  in  the  parasitised  grouj, 
whereas  no  such  behavior  occurred  among  the  controls* 

A  paraeltlsed  chick  (A  604)  and  a  control  chick 
(A  665}  which  weighed  the  sane  amount  at  the  beginning  of 
the  experiment  ahowed  some  variation*  She  henoglobln 
percentage  remained  somewhat  higher  in  the  parasitised  bird 
(67  nor  cent)  than  in  the  control  (60  per  cent),  but  the 
blood  sugar  in  the  parasitised  bird  which  had  five  large 
ceatodee  waa  only  144*4  ag.  of  sugar  per  100  co.  of  blcoi 
ae  compared  with  172  rag*  in  the  control*  In  growth,  there 
was  also  a  narked  difference*  the  parasitised  bird  gained 
946  go.  to  1321  go*  by  the  control* 

Ae  groups,  the  parasitised  birds  averaged  63*8  ga«  at 
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the  beginning  of  the  experiment  while  the  controls  averaged 

54  gm.  The  hemoglobin  percentage  averaged  only  slightly 

less  in  the  parasitized  group  (55-1  per  cent  as  compared 

with  56.3  per  cent  in  the  controls).  However,  in  blood 

sugar,  the  parasitized  birds  averaged  135.8  as  compared 

with  167.06  mg.  The  average  gains  in  weight  likewise 

showed  a  marked  difference.  The  parasitized  birds  gained 

an  average  of  971.4  gm.  while  the  controls  gained  an 

average  of  1217.7  gm.  The  chilling  which  was  characteristic 

of  the  parasitized  chickens  in  the  first  experiment  occurred 

also  in  the  second  group  of  parasitized  chickens.  It  was 

entirely  absent  from  the  control  group. 

The  results  of  Experiment  II  as  shown  in  Table  2 

indicate  that  an  Infection  of  fowl  tapeworms  over  a  15 

week  period  failed  to  produce  much  effect  upon  the 

hemoglobin  percentage  but  reduced  markedly  the  amount  of 

sugar  in  the  blood  and  the  rate  of  growth  of  the  chickens. 

That  the  parasites  were  the  cause  of  these  differences  was 

Indicated  in  part  by  the  chilling  of  the  chickens  that 

were  infected. 

DISCUSSIOH 

Up  to  the  present,  the  results  indicate  that  growing 
chickens  that  have  received  30  or  more  cysticercoids  when 
infected  for  two  to  three  months  show  reduced  amount  of 


% 

1 

• 
© 

H 

24 

•H 

•H 

03          O3O3C0CQO3CQO3O3 

i 

n  t* 

H 

©O©©©©©©©© 

o 

o  o  o 

o 

c3 

H 

1 

M3tH!H{HiH>H!H>H>H 

N 

m  m  p. 

M 

CO 

•d 

«H    O    © 

O 

o 

OSS 

©                ©          ©   ©    ©    ©    © 

o 

H 

-P  o 

tO            tO       fcObCtD  WbC 

P 

*S)H     . 

©  £ 

CO                CO          CO   CO    Cj    CO    CO 

H 

•HH-d 

P.fc 

H             H       HHHHH 

* 

© 

n  <  © 

©  o 

• 

^ 

*         43 

Eh  » 

<9<OtOiOOiOtOCMC,-03 

o 

ooo 

o 

+> 

O 

01       H0101 

H 

•H 

G    •  © 

© 

•rl    03  *-» 

to 

3  3 

Sto- 

CDO^^OOW    1  WO 

CO 

CMOO 

o 

C 

■  P«H 

•    ••••••1     •• 

• 

•    •    • 

• 

o 

gi5 

O  MM 

CO  tQ  t-  ^00  O0>    1   CO  tO 

3 

tOCM  LO 

c- 

•H  <H    © 

rf  f*  » 

w 

<oc-  co 

to 

10 

at       § 

wd  8 

pa  cow 

rt  Qi  rt  rt  r-4  rl  t-i    1   H 

H 

r-iHt-4 

H 

vH 

©  o 

-d 

n  ta  © 

© 

CtI.O 

3  +» 

lil 

H 

to 

© 

•H  to 

0,Q~ 

t^iotof-iotooiocot* 

» 

COO  H 

• 

03    CO    © 

0  cm 

lOiOM<tOtOTj«%i<tOiOLO 

tO 

LO  to  LO 

to 

© 

+»  cj  g 

T3 

©  H*-* 

lO 

LO 

w  k  o 

o   I 

© 

w  to 

© 

I 

C3 

> 

4»    P.T3 

•H 

rH 

•H 

•d  B  S 

•H 

n 

O 
M 

!> 

to 

O         «H 

to 

«H  •P'-. 

& 

o 

43 

O  <H  -P 

© 

d'tos 

CftrH^tOtO-^OOcOCOO 

%< 

d 

OH  tO 

• 

o 

H  O  -H 

a 

OJOiH-^^tOCOOOtO 

• 

o 

0>01  tO 

t- 

fl 

,0          03 

HdQ 

0>O>r-IO>iHCOGOtOtOCO 

H 

o 

H  (OH 

H 

©  d 

EX, 

©  ©w 

H       H                  H 

L- 

HHH 

oi 

-d 

Mi£ 

e»  bs 

o 

H 

1 

O  O  CO 
03  +>         • 

■P          ©    03 

43  •d—' 

CJ 

to 

P  4>  IH    © 

T5©  a 

OOlOOOlOOMOO 

• 

O  W  O 

to 

•d 

iOiOl>OOOlLO**»iOO 

10 

lO  £>  0> 

• 

H 

a  <h       © 

OOHOWOlOMOO) 

CJ 

01  tOH 

H 

*H 

©  £      £ 

©4J«^ 

iH        r-ir-ir-i                   H 

o 

r-IHH 

t- 

fit 

, 

M          • 

pE  © 

rH 

01 

©  ©  lO 

H 

03 

©  C  fcOH 

•H 

>  ©  m 

9 

+3  o  «h  © 

-p  M 

©  £ 

IHOP 

•H-". 

«H 

Song 

4*   g     • 

HOH^^HWOC^O 

33 

• 

10**  lO 

"^ 

o 

Q.        X    03 

tO^tOlOiOtOCO^^tO 

to 

10  to  to 

to 

-d 

B  *d  ©  «h 

•H  taOw 

10 

o 

O  ©  ©  +> 

©  © 

o 

iil<H 

is  .a 

H 

•H          03 

,o 

t>0-PJO  a 

■ 

© 

fi-HH  h 
•H    03          CD 

M 

* 

OCMtDMtC0OC0t-**l'<# 

3 

to  to  to 

© 

« 

1 

■  It  A 

o 

oocooo>cocaocoos 

b 

OCOCft 

^ 

2  h  h 

•H 

tOlOlOtOlOtOlOtOtOtO 

© 

CO  LO  lO 

© 

CO  P,*  O 

O 

<«j<«4<!<t!<^«<«aj^ 

4 

«^<!<!K 

• 

• 
01 

© 

H 

1 

Eh 

25 
blood  sugar  and  decreased  gains  in  weight  (Ackert  and  Case, 

1938).  Harwood  and  Luttermoser  (1938)  also  found  that 

chickens  infected  with  the  tapeworm  R.  cesticillus  showed 

reduced  rates  of  growth.  In  the  present  experiments  little 

difference  occurred  between  the  hemoglobin  percentages  of 

the  parasitized  group  and  the  controls. 

Concerning  sugar,  Table  2  shows  that  one  parasitized 

bird  failed  to  give  a  blood  sugar  test  which  would  indicate 

a  very  low  sugar  content  of  this  bird1 3  blood.  This 

chicken,  A  607,  had  12  very  large  tapeworms,  gained  much 

less  weight  than  the  average  of  the  parasitized  group,  and 

had  a  hemoglobin  percentage  of  55,  slightly  less  than  the 

group  average.  The  parasitized  chicken  in  Experiment  II, 

A  592,  had  no  tapeworms  at  postmortem  and  this  may  explain 

the  high  blood  sugar  test  for  this  bird  (Table  2).  The 

data  revealed  that  in  both  experiments,  the  parasitized 

birds  gained  less  than  the  controls,  and  their  blood  sugar 

percentage  was  much  lower,  both,  as  individuals,  and  as 

groups.  A  very  noticeable  difference  between  the 

parasitized  and  control  chickens  was  evident  on  cool 

mornings  and  on  cool  days  following  rains  when  the 

parasitized  birds  would  ruffle  their  feathers,  chill,  and 

seek  the  warmth  of  the  brooder  heat  unit  while  the  controls 

in  the  same  pen  were  apparently  normal  and  remained  at 

the  feed  hoppers,  and  never  went  near  the  heat  units. 


SUMMARY  OF  PART  II 

1.  Method*  of  oulturing  bottles  for  the  purpose  of 
obtaining  cystloercoids  of  R.  cestlcillus  ere  described. 
Pint  Meson  fruit  jars  containing  e  few  inches  of  soil  served 
as  culture  receptacles. 

2.  A  successful  technique  for  obtaining  cystlcercolds 
frora  beetles  (Carabidao}  and  for  parasitising  chickens  with 
then  was  developed* 

3.  Lata  from  two  experiments  indicated  that  chickens 
parasitised  during  a  period  of  11  to  15 
blood  sugar  and  reduced  gains  in  weight. 
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